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Background: Leptospirosis is an important zoonosis with worldwide distribution caused by pathogenic bacteria of
the genus Leptospira. The North American mink (Neovison vison) has an important role in the environmental
contamination with Leptospira, as minks live in aquatic environments and are the predators of rodents.
Findings: Blood and kidney samples were obtained from 57 minks in Southern Chile 39° S to 45° S. Pathogenic
species of Leptospira were detected by PCR on 31/57 minks. To determine the species, we sequenced the 16S
ribosomal RNA (rRNA) gene on nine of the positive samples. We predicted two pathogenic species: Leptospira
interrogans (five samples) and Leptospira borgpetersenii (four samples).
Conclusions: This study showed that the American mink presents pathogenic species of Leptospira and confirm
important environmental contamination of Patagonian rivers and lakes with pathogenic Leptospira.
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Leptospirosis is the most widespread zoonosis in the
world. Usually, it is transmitted between wild domestic
mammals and humans through contaminated water or dir-
ect exposure to urine of infected animals. Leptospires can
persist in natural environments for long periods of time;
while this largely depends on the ability of the bacteria to
adapt to a wide range of animals, the pathogen can also
survive in water as well (Smith and Zochowski 2011).
Studies on leptospirosis in Chile have reported a high
prevalence of infection: 37% in dogs, 88.7% in cattle, 24.9%
in sheep, 7.1% in horses, and 69.9% in swine; see review by
(Zunino and Pizarro 2007). However, only a few studies
have investigated the prevalence of Leptospira spp. in wild
animals. For example, only the prevalence of Leptospira
spp. in wild rodents is currently known (47.2%); see
reviews by (Zamora and Riedemann 1999; and Zunino
and Pizarro 2007).
The North American mink (Neovison vison) is a semi-
aquatic mustelid that was introduced in Chile in the
1930s (Jaksic et al. 2002). Currently, the species has
outgrowth considerably in number and distribution. The* Correspondence: gmedina@unab.cl
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in any medium, provided the original work is pmink is now widely distributed throughout the riverine
and marine habitats of the Patagonian lacustrine in both
Argentina and the south of Chile (from 38° S latitude to
Tierra del Fuego Island and adjacent archipelagos 55° S)
(Medina 1997; Fasola et al. 2011). Mustelids are among
the animals considered susceptible to infection with Lep-
tospira; importantly, rodents are not only the primary
reservoir of Leptospira, but also are an important part of
the diet of minks. Additionally, the fact that minks
often come into direct or indirect contact with different
domestic animals suggests that inter-animal disease
transmission events or potential human-transmission
events are possible (Ullmann and Langoni 2011). While
the role of minks as potential reservoir of Leptospira
has not been determined yet, this role cannot been dis-
carded as many emerging human, domestic animal, and
wildlife diseases are usually maintained in specific reser-
voirs, many of which are rarely identified see reviews by
(Adler and de la Peña. 2010; and by Smith and
Zochowski 2011, Lau et al. 2012). Furthermore, Leptos-
pira transmission is very complex, in fact, this is a
pathogen of multiple hosts, which often resides in one
or more epidemiologically connected populations
(Haydon et al. 2012). The complexity of Leptospira
transmission along with the abundance of mink popula-
tions indicates that minks may be an important link in then Open Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
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tions, semiaquatic live, and diet (Medina 1997; Millán et al.
2009; Moinet et al. 2010; Sepúlveda et al. 2011). In this
study, we determined and characterized the presence of
pathogenic Leptospira species in North American minks in
Southern Chile.
Materials and methods
Sample collection
During September 2011 to March 2012 we trapped 57
minks (39 males and 18 females) using leg hold soft
catch traps and cage traps. The animals were captured in
ten study areas within three Southern Chilean districts
(Los Rios, Los Lagos, and Aysén), between 39° S to 45° S
(Figure 1). These areas support a large diversity of habitats
and species, including domestic and native animals, such
as cows (Bos taurus), horses (Equus ferus caballus), sheep
(Ovis aries), dogs (Canis lupus familiaris), cats (Felis
silvestris catus), foxes (e.g. Lycalopex spp.), and otters
(Lontra provocax). The coordinates of the traps were
determined with a global positioning system (GPS). OnceFigure 1 Figure shows the study areas visited between 2011 and 201under anesthesia, with ketamine-dexmedetomidine in a
dose of 10–0.025 mg/kg IM respectively, two blood
samples (3–5 ml each) were collected by jugular
venipuncture (one blood sample was collected using tubes
with EDTA and the other sample was collected in tubes
with cell buffer lysis). The minks were then euthanized
with Tiopental® (Biosano S.A., Santiago, Chile) doses for
postmortem kidney tissue collection (collected in alcohol).
All animal trapping and handling were performed accord-
ing with ethical protocols of the Committee of Ethic of
the Universidad Andrés Bello and the National Commis-
sion for Science and Technology. Samples of blood and
kidney collected in the field were frozen and transported
to the laboratory for further analysis.
Laboratory analysis
Total DNA from blood and kidney was extracted with
the QIAamp DNA Mini Kit (Qiagen®, Germany). On
three samples per individual (two blood and one kidney),
we used PCR to screen for Leptospira spp. as previously
described by Lester and LeFebvre, 2003. To determine2 in Southern Chile.
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the amplified DNA (571 bp) of nine representative samples
were sequenced at GenYtec (Santiago, Chile) using the
ABI PRISM 310. To predict the species, sequences were
compared with the GenBank database using the BLAST
algorithm (http://www.ncbi.nlm.nih.gov/BLAST).
Findings
This study reports for the first time the prevalence of
pathogenic Leptospira species in the American mink in
the Chilean Patagonia. Among all the mink tested, 31
individuals corresponding to 55.6% (95% confidence
interval = 24, 8–86, 4) (21 males and 10 females) were
positive for the PCR detection of pathogenic Leptospira
spp. (Table 1). Seven animals tested positive for both,
blood and kidney samples; eighteen of them tested posi-
tive for blood and only six for kidney samples. This
suggests that more than one sample per individual
facilitates the detection of Leptospira by PCR. In eight
of the ten locations where samples were collected, we
obtained positive results; specifically, only the location
of Choscuenco and Rio Cisnes were negative (Table 1
and Figure 1). The location with the higher number of
positive samples (n = 8) was Isla Magdalena; however, we
collected samples from 15 individuals in this location.
Nine positive samples from different minks and from
different locations were selected for sequencing of the
571 bp amplicon of the 16S ribosomal RNA (rRNA)
(Table 1). The BLAST algorithm was used to (i) validate
that the amplified PCR products correspond with Lep-
tospira species and to (ii) predict the putative pathogenic
species. We identified sequences closely related to two of
the Leptospira pathogenic species. Leptospira interrogansTable 1 Number of positive samples and predicted Leptospira
Location Environment Sample size Nu
(se
Liquiñe Riverine 3 2
Neltume Lacustrine 5 3
Choscuenco Lacustrine 3 0
Todos los Santos Lacustrine 8 5
Maullín Palustre 6 5
Palena Riverine 1 1
Alto Rio Cisnes Riverine 5 4
Isla Magdalena Marine 15 8
Puerto Cisnes Marine 6 3
Rio Cisnes Riverine 5 0
Total 57 31
aPCR was conducted in three samples per individual (two blood and one kidney sam
bLeptospira species were predicted according to the amplification of a 571 fragmen
species. A complete sequence of the 16S rRNA gene would validate these findings.was putatively predicted in five samples from three loca-
tions (i.e., Palena, Alto Rio Cisnes, and Islas Magdalena)
and samples closely related to Leptospira borgpetersenii in
four samples from four locations (i.e., Liquiñe, Neltume,
Todos los Santos, and Alto Rio Cisnes) (Table 1). Our
matches showed approximately 97% of nucleotide identity
with the Leptospira species mentioned above. However,
these findings need to be validated though the analysis of
the complete 16 S rRNA gene.
We report for the first time evidence of pathogenic
Leptospira in alien North American mink in South
America. In this study, we used PCR to detect the
pathogen; previous studies have used traditional detection
methods (e.g., microscopic agglutination test [MAT]);
while these methods are not easily compared, here we dis-
cuss the prevalence previously identified by other au-
thors in comparison with our findings, regarding of the
method used. Importantly, we identified a higher preva-
lence (55.6%, with 95% confidence interval = 24, 8–86,
4) compared with previous reports of 23.5% of Leptos-
pira in wild animals in Spain (Millán et al., 2009), which
used the MAT to detect the presence of Leptospira. An-
other study reported by Moinet et al. (2010) identified a
prevalence of 86% in wild American mink in France
MAT detection. The same study detected by PCR a
renal carriage of 26% on free-ranging American minks.
The fact that we detected pathogenic species of Leptospira
is relevant to both human and wild species health.
Prevalence was high and transversal to almost all study
sites, which are characterized by a mixture of natural
forest and human activities. A previous study by Ghneim
et al. (2007) showed that dogs in rural areas were more
likely to have been in contact with contaminated waterspecies in each study location
mber of positive minksa
quenced samples)
Putative species of Leptospirab
(number of samples)
(1) L. borgpetersenii (1)
(1) L. borgpetersenii (1)
-
(1) L. borgpetersenii (1)
Not sequenced
(1) L. interrogans (1)
(3) L. interrogans (2), L. borgpetersenii (1)
(2) L. interrogans (2)
Not sequenced
-
ple).
t of the 16S RNA gene. The best hit of BLAST was used to assign the putative
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This may indicate that the complexity of animal species,
along with environmental factors (e.g., rainfall and stand-
ing water) in rural areas, could facilitate the contact with
the pathogen. Minks likely become infected after preying
on rodents. In fact, studies carried out in the same region
as our study demonstrate that mink preys heavily on
rodents (Medina-Vogel et al. 2013), and that rodents
may become infected by contact with garbage and
contaminated water (Smith and Rochowski 2011). In the
south of Chile, rodents present high rates of Leptospira
infection (Zunino and Pizarro 2007). In fact Muñoz-Zanzi
et al. (2014) detected, by PCR, a 19.7% Leptospira preva-
lence in rodents associated with agricultural fields, 25.9%
associated with rural villages, 21.1% associated with wild
rodents, and 12.3% associated with slums.
In this study, we found L. interrogans in Palena, Alto
Rio Cisnes, and Isla Magdalena, which is a Leptospira
species largely associated to rodents (Himsworth et al.
2013). In addition, we found L. borgpetersenii in Liquiñe,
Neltume, Lake Todos los Santos, and Alto Rio Cisnes,
which is a Leptospira species associated with cattle farming.
Importantly, in locations where we found L. borgpetersenii,
livestock production systems are common. Thus, it is
tempting to speculate that minks could be infected by
predating on wild native and alien rodents in locations
where livestock is rare, as well by contact with garbage
and contaminated water from horse, cattle, sheep, and
pig urine in locations where livestock is common.
In 13 individuals, samples from kidneys were positive;
this not only demonstrates the presence of chronic disease
in minks, but also that they present renal carrier status,
which is the central point of the epidemiology of lepto-
spirosis. Consequently, minks in the south of Chile may
excrete leptospires though the urine to the environment
(Ullmann and Langoni 2011). These initial data indicates
that American mink can serve as hosts for leptospirosis,
thus serving as a tool for measuring environmental
contamination with this pathogen. This study represents
a first insight of the mink’s role in the epidemiology of
Leptospira in the south of Chile. This initial evidence
suggests that mink abundance may pose a threat to
human aquatic activities (e.g., canoeing, aquaculture,
fisheries) and may as well affect the survival of aquatic
species of conservation concern, such as the southern
river otter (L. provocax) (Gaydos et al. 2007). Further
investigation in order to identify source of infections,
wild and domestic mammalian species involved, and
the mechanism of transmission are necessary to provide
evidence of the role of minks in the transmission of this
important zoonotic pathogen.Competing interests
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